Abstract Mucoepidermoid carcinoma is the most common malignant salivary gland tumor, composed of several different cell types, with controversial histogenesis. The aim of this study was to assess the expression of cytokeratins in mucoepidermoid carcinoma, comparing to cytokeratin expression in normal salivary glands, in order to establish a possible correlation between tumor cells immunostaining and mucoepidermoid carcinoma histogenesis and differentiation. Eighty cases of salivary gland mucoepidermoid carcinoma were immunohistochemically examined with the use of antibodies against cytokeratins 6, 7, 8, 13, 14, 18, and 19. Cytokeratin expression varied according to the cellular type: squamous cells presented high expression of cytokeratins 6, 7, 8, 14, 18, and 19; intermediate and mucous cells of cytokeratin 7; clear and columnar cells of cytokeratins 6, 7, 8 and the latter also expressed cytokeratin 18. Cytokeratin 13 expression was low in all cell types. Cytokeratin immunoexpression in mucoepidermoid carcinoma was variable according to the cellular type; but regardless of the cellular type studied, cytokeratins 7 and 13 were, respectively, constantly high and low expressed. The immunoprofile of the normal salivary glands was variable according to the component but, in general, cytokeratin profile in mucoepidermoid carcinoma showed similarity to the immunoexpression on the excretory duct unit of normal salivary glands.
Introduction
Mucoepidermoid carcinoma (MEC) is the most common malignant salivary gland tumor, comprising about 15% of all salivary gland tumors and 30% of all salivary malignancies [1] [2] [3] [4] . It is an epithelial neoplasm composed of variable proportions of squamous, mucous, intermediate, clear, columnar, and other uncommon cell types, such as oncocytes, organized in solid and cystic growth patterns [1, [5] [6] [7] . Its histogenesis is thought to be derived from pluripotential reserve cells located in the excretory ducts [8] [9] [10] . However, due to the great diversity in its cellular components, the histogenesis of MEC remains controversial and incompletely elucidated [1, [10] [11] [12] [13] [14] .
Cytokeratins (CK) are intermediate filaments mostly expressed by epithelial cells, which includes a wide range of proteins, varying in molecular weight, isoelectric pH values, and affinity [15] [16] [17] . CK expression varies among different types of epithelia in their different stages of development, and they may be used as an adjunctive tool for epithelial classification and histological diagnosis [15, [18] [19] [20] . Some studies have evaluated the pattern of CK expression in MEC [10, 13, 14, [21] [22] [23] [24] , but there is scarce information considering each of the different cellular types in this tumor.
The aim of this study was to analyze the CK immunoprofile of 80 cases of salivary gland MEC, considering the expression of each cellular type in comparison to the immunoprofile of normal salivary gland components.
Material and Methods
A total of 80 cases of MEC from major and minor salivary glands were retrieved from the files of the AC Camargo Cancer Hospital, São Paulo, Brazil, the same database included in previous studies [3, 4] . Clinical data were obtained from the patients records. This study was carried out with approval of the Research Ethics Committee, Piracicaba Dental School, State University of Campinas.
All cases were histologically reviewed using hematoxylin and eosin (HE), periodic acid-Schiff and mucicarmine stainings to confirm the diagnosis of MEC. Tumors were graded according to the histological criteria suggested by the World Health Organization and the Armed Forces Institute of Pathology as low, intermediate, and high-grade lesions [6, 7] . Each tumor was also assessed according to the cellular types components-squamous, intermediate, mucous, clear, columnar, and oncocytic; and the presence of adjacent normal salivary glands and each of its components-mucous and serous acini, intercalated, striated and excretory ducts, and myoepithelial cells.
For immunohistochemical reactions, 3-lm sections mounted on glass silanized histological slides were used. Primary antibodies were selected based on the MEC's CK immunoexpression described in the literature [10, 14, [21] [22] [23] [24] and included: anti-cytokeratin 6 (clone LHK6B, Novocastra Laboratories, dilution 1:200), anti-cytokeratin 7 (clone OV-TL 12/30, Dako, dilution 1:400), anti-cytokeratin 8 (clone 35H11, Dako, dilution 1:200), anticytokeratin 13 (clone KS-1A3, Novocastra Laboratories, dilution 1:400), anti-cytokeratin 14 (clone LL002, Novocastra Laboratories, dilution 1:200), anti-cytokeratin 18 (clone DC10, Dako, dilution 1:400) and anti-cytokeratin 19 (clone RCK108, Dako, dilution 1:400). Microwave antigen retrieval using citrate buffer, overnight incubation with the primary monoclonal antibodies and conjugated secondary antibodies, followed by the use of diaminobenzidine as the chromogen in all cases. Slides were counterstained with hematoxylin, mounted and analyzed by two authors (RSA, FRP). Negative and positive controls were used in all reactions to all antibodies.
Expression of CK was considered negative (0-5% of positive cells) or positive ([5% of positive cells), based on the average percentage of positive cells in 10 high-power fields of each specimen under light microscopy. Expression was independently assessed in each cellular type and each adjacent normal salivary gland components.
Results
From the 80 cases included in this study, 40 were from major salivary glands, mainly parotid (38 cases), and 40 from minor salivary glands, mainly palate (21 cases). Forty-one patients were male and the median age at diagnosis was 46 years (range 6-96), with a peak of incidence between 5th and 7th decades of life.
The (Fig. 1) . Some tumors presented all cell types while in others one cellular type was the predominant, variable in accordance to the histological grade of malignancy. High-grade and intermediate-grade tumors presented a prevalence of squamous and intermediated cells, whereas low-grade tumors presented a wide distribution of the three main cellular types. Among the 80 cases of MEC, 40 presented adjacent normal salivary glands on the surgical margins, mainly from parotid and palate (21 and 9 cases, respectively).
In general, most of the MEC cases presented some positivity for all CK studied, especially CK7, the main CK expressed in all cellular types (Fig. 2 Fig. 3 ). CK13 was less frequently expressed in all cases, usually being found in a weak staining pattern.
The CK immunoprofile in MEC in the different histological grade of malignancy was variable reproducing the encountered cellular types, but in general all CK were positive. Low-grade and high-grade tumors immunoexpressed mainly CK 6, 7, 8, 14, 18 , and 19 and intermediategrade tumors CK 6, 7, 8, and 14. CK 13 was the least commonly CK expressed in all histological grades of malignancy (Table 2) .
Normal salivary glands found adjacent to tumors also showed immunoexpression according to each individual structure. Mucous and serous acini were immunopositive for CK 7, 8, and 18, both presenting CK18 as the CK most frequently expressed. In serous acini CK 6 and 19 were eventually expressed. Intercalated ducts were mainly positive for CK 6, 7, 18, and 19 and striated ducts for CK 6, 7, 8, 13, 18, and 19 . In excretory ducts luminal cells were mainly immunopositive for CK 6, 7, 8, 18 , and 19, and basal cells for CK14. Myoepithelial cells were especially immunopositive for CK 14 (Table 3) .
In general, MEC presented immunopositivity for CK, 6, 7, 8, 14, 18, and 19, independently of the cellular type, morphological pattern of organization, and histological (Table 4) .
Discussion
MEC nomenclature includes reference to only two cellular types, although they are not unique in these tumors. In fact, MEC is characterized by a variety of cell types and growth patterns, which also include intermediate, clear, columnar, and oncocytic cells, arranged in solid nests and cystic or ductal structures [1, 5, 6, 11, 25, 26] . This cellular heterogeneity contributes to the difficulties in understanding its histogenesis. In our study, squamous cells were observed in almost all cases, followed by intermediate and mucous cells, confirming the predominance of these three cellular types in MEC. Clear cells, although less commonly found, are usually arranged in lobular or solid nests that can eventually be the predominant architectural finding, giving rise to the so-called clear cell variant of MEC [1, 25] . Columnar cells were observed in about one-third of the cases, usually lining cystic and ductal structures, and we could also identify two cases with nests of oncocytic cells, an uncommon finding in MEC [1, 26] . In parenthesis the number of cases that showed the respective cells n = number of positive cases; (%) = percentage of positive cases Salivary gland tumors histogenesis is based on the ductal-acinar unity, resulting in three models of development: origin from luminal cells, from non-luminal cells, and from a mixed population of acinar and/or ductal cells with basal and/or myoepithelial cells [5] . Due to the wide cellular diversity observed in MEC, its histogenesis remains controversial. Most authors believe that MEC origin is from pluripotential reserve cells from excretory ducts [3, 9, 10, 22, 27] . Exclusion of an origin similar to pleomorphic adenoma and adenoid cystic carcinoma from intercalated ducts is based on the absence of myoepithelial differentiation in MEC [9, 10] . Moreover, a recent study suggested a striated duct differentiation in MEC based on an immunohistochemical profile [23] . The CK are the major intermediate filaments group and have been used for diagnostic and histogenetic purposes in salivary gland tumors, including MEC [10, 14, [21] [22] [23] [24] .
CK7 was the main CK expressed in all cellular types of MEC. It is the first CK expressed during salivary gland development [28, 29] , being retained in adult salivary glands [18] [19] [20] 28] . It also represents an important immunomarker on different salivary gland tumors [30] . On the other hand, CK13 was the CK least commonly expressed in all cellular types of MEC. It is a CK not expressed in developing salivary glands, but it may be found in some luminal cells of excretory ducts in fully developed normal salivary glands and in striated ducts as observed in this study [10, 31] . Nevertheless, CK13 has been previously described as an immunomarker of MEC [10, 14, 21, 24] .
Squamous cells from MEC frequently express CK14 [10, 14, 21, 23, 32] , a finding that was confirmed by our results. This CK has been also described as an immunomarker of myoepithelial and basal cells from excretory ducts [10, 14, 19, 23, 31] , which was confirmed in normal salivary glands from our study. Nevertheless, Martins et al. [29] was not able to identify CK14 immunoexpression in myoepithelial cells of fetal salivary glands and concluded that this CK indicates basal membrane anchorage of these cells. It is important to point towards CK14 expression being frequent only in squamous cells, particularly in highgrade MEC, as this also happens in squamous cell carcinomas [24] . CK13 expression in squamous cells was already described by some authors, but it may vary from absence to intense positivity [10, 14, 21, 32] . Our results also identified some positivity to CK13 in squamous cells, but it was not frequent.
Intermediate cells were especially immunopositive for CK 7 similarly to the literature [10, 14, 21, 23 ]. CK 7 is described in acinar cells of developing salivary glands [29] and acinar and ductal cells of normal salivary glands in adults [10, 18, 19, 28, 29] . CK 6 and 8 were expressed in less than 50% of the intermediate cells but were identified in more than 50% percent of the squamous, clear, and columnar cells. These findings may be correlated with the possibility of intermediate cells being in a more advanced stage of cytodifferentiation of reserve cells from salivary duct unit but less differentiated than these other cell types, and afterwards the source of the other cell types in MEC [1, 11] .
Overall, mucous cells presented less immunoexpression of all CK, what is probably explained by the displacement of the intermediate filaments to the periphery by mucous secretory granules. They were especially positive for CK 7, a finding also verified by other authors [10, 14, 21, 23, 32] and that reinforces CK 7 as the main immunomarker of salivary gland MEC. Contrarily to other studies [10, 14, 21, 23] , CK 8 immunoexpression in mucous cells was not frequent in our results.
Clear cells expressed mainly CK 6, 7, and 8 in our study, a CK profile similar to intermediate cells. CK 6, which has been usually expressed in hyperproliferative squamous epithelia [20] , was the most common CK identified in clear cells. A CK profile of clear cells including CK 7, 8, 14, 17, 18 , and 19 was also identified [23, 32] . Clear cells are characterized microscopically by failure to stain with hematoxylin and eosin due to fixation artifacts, sparsity of organelles, or presence of mucin, glycogen, lipids or ribosomes [32] and are described by some authors in MEC as closely related to squamous and intermediate cells [11, 25, [32] [33] [34] . Intermediate cells are considered the progenitor cells in MEC, due to its ability of differentiation towards the other cells types, including clear cells [1] , and probably justifying the similar CK profile between these both cell types. Terada et al. [25] Columnar cells resemble the cells found in the major secretory ducts of salivary glands [1] and were mainly immunopositive for CK 6, 7, 8, and 18 in our study, a pattern similar to intermediate cells, except for prominent CK 18 expression. Loyola et al. [10] and Foschini et al. [23] also identified CK 13, 17, and 19 in columnar cells, and CK 13 and CK 19 were expressed in 17% and 30% of our cases with columnar cells, respectively. It is worthwhile to call attention that we found frequent CK 6 expression in columnar cells from MEC, a feature not previously described in this tumor.
Oncocytic cells, characterized on light microscopy by abundant granular eosinophilic cytoplasm as a result of increased amount of mitochondria, are rarely found in MEC [1, 26] . Oncocytic cells were found in two of our 80 MEC, with the cells expressing CK 6, 7, 8, 18 , and 19 in only one of the cases. This contrast in an extremely rare MEC cellular type did not allow any further conclusion. Intermediate cells of MEC are also rich in mitochondrias [23] , which reinforces the concept of intermediate cells being the first step of differentiation of the remaining cellular types found in salivary MEC.
Considering the normal salivary glands in this study, we can state that acinar and myoepithelial cells presented uncommonly expression of all CK, except for CK 18 and 14, respectively. Ductal cells presented a wide range expression of all CK. Excretory ducts presented expression of CK 6, 7, 8, 14, 18 , and 19, which can be differentiated from intercalated ducts that uncommonly presented expression of CK 8 and 14, and from striated ducts that usually did not showed expression of CK 14 but showed expression of CK 13.
In conclusion, MEC presents variable immunohistochemical profile depending on the cellular type and, consequently on the histological grade of malignancy, since the presence and proportion of each cellular type is variable according to the latter. CK7 represents the main CK expressed in all cell types of MEC, being the only CK highly expressed in intermediate and mucous cells. On the other hand, CK13 represents the CK less expressed in all cell types of MEC, especially in intermediate and mucous cells, the former considered the first step of cytodifferentiation from the reserve cells. Normal salivary glands also present a variable immunohistochemical profile depending on the component, but in general, ductal structures expressed most of the CK studied with subtle differences that do not allow us to strictly state the origin of MEC. However, cytokeratin profile in MEC showed similarity to the immunoexpression on the excretory duct unit of normal salivary glands.
